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Research on improving the performance of longitudinal magnetic field DC power
transmission cables using nanostructured superconducting wires
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In this study, we conducted research from two perspectives to improve the
performance of lightweight and compact DC power transmission cables by using the longitudinal
magnetic field effect, in which the current capacity is greatly increased by applying a magnetic
field parallel to the direction of current flow in superconducting wires. The first was to clarify
the mechanism that determines the critical current characteristics of the wires under a longitudinal

magnetic field, and the second was to investigate the optimal environment for using the cable. It
was found that the introduction of small defects that do not distort the superconducting layer is
effective in improving the critical current characteristics under a longitudinal magnetic field. As
for the environment for using the cable, it was found that a current capacity twice as high can be
achieved when the cable is supercooled by reducing the pressure of liquid nitrogen compared to when
it is cooled with liquid nitrogen.



Je
Je
RE Rare-Earth RE
Je
Je
Je Je
(121 Je
Je
Je
[34]
I

I

(1) RE
Je
)
(1) RE
Je
RE Fujikura Fujikura
FradayFactory , FradayFactory SuperPower 5
I Je
Bi-2223
TEM Jc
Je

) RE I,
700 6000 A

167K
Bi-2223



(1) RE
1 RE 77K 65 K
]cs.f ]c/]cs.f
77K Fujikura
]C/]C s.f 03T
01T Je
65K
FradayFactory Je
Fujikura
2
Fujikura Je
TEM
2 Fujikura
SuperPower TEM
Eu20s 80 140 nm
Lorentz
.]C IC
2 RE
Fujikura

Je

Je

12— T
e o © T=77[K] |
°
8 ° ° _
- 8 9
%08 °© e 5
3 ® Fujikura without pinO s
i O Fuijikura with pin © o
0.6 O FaradayFactory without pin
® FaradayFactory with pin ]
A SuperPower with pin (@
04 I I I I I I I I I 1 I
0.2 0.4 0.6 0.8 1 1.2
B [T]
11 —
T =65 [K]
e 8
i Yo e
o e o °
. e}
% 0.9 °© 9
3 8
i ® Fujikura without pin
0.8 O FaradayFactory without pin s
® FaradayFactory with pin
® SuperPower with pin (b)
7 1 1 1 1 1 1 1 1 1 | 1
0 0 02 04 06 08 1 1.2

RE

B[T]
RE

@77K, (b) 67K

@

Fujikura b

Eu.0O3

Je

(b)

SuperPower

Je



77K . 67K "

2 SR L
) 60" Ty,
< s
Jc g E
N L - L SN
20r J B:77K b
100
\ ‘
1 | 1 o 02 0.3
5 3Fujikura h
4 1 77K 67K
1
\ e |

Cable core: 300 mm |
- |

e !006

-Current P ‘})‘ 1 Current
terminal Voltage termil}alz 260 mm terminal
It 5 4
1
Fujikura
I 77K 2003A 67K RE
8
3951 A It o] 0
2 1 [°] 10
[mm] 300
I
[mm] 660
Je 67
K 5000
Experiment 67K
4000‘;._,.-—-4—1\-f""’*"*"“"*’**!b
_ Analysis
67 K 02T It <
— 3000f
Experiment
I v 77K
20008--—-@-— @ —E-TE-—-@—.g
<t T N Analysis
0 01 0.2 03 0.4
B[T]
5 It

[1] A. Tsuruta et al., JJAP 53 (2014) 078003.

[2] R. Kido, M. Kiuchi, E.S. Otabe, T. Matsushita, A.K. Jha, K. Matsumoto, Physics Procedia, 81 (2016)
pp. 117-120.

[3] T. Matsushita et al.: Supercond. Sci. Technol. 25 (2012) 125009 (8pp).

[4] T. Matsushitaand M. Kiuchi , Progressin Superconductivity and Cryogenics Vol.19, No.3 (2017)

p.lL

[5] V. S. Wyatkin, M. Kiuchi, E. S. Otabe, M. Ohya, and T. Matsushita: Supercond. Sci. Technol. 28 (2015)

015011.



24 6
RE
2024 71
2024
VLS-YBCO
2024 71
2024
Vapor-Liquid-Solid Basn03 YBa2Cu30y

2024 71

2024

REBCO

2023

2023




RE

2023

2023

RE

2023

2023

2023

2023

RE

2022

2022




VLS REBCO

2022

2022

Vapor Liquid Solid YBa2Cu30y

2022

2022

RtR Vapor-Liquid-Solid-YBa2Cu30y

2022

2022

REBCO

2022

2022




Tomonori Arita, Yusuke Ichino, Yutaka Yoshida

Growth mechanism of BaMO3-doped REBa2Cu30y thin films by Vapor-Liquid-Solid technique simulated by Monte Carlo simulation

35rd international Symposium on Superconductivity 2022

2022

Tomoki Osada, Yusuke Ichino, Yutaka Yoshida

Geometry measurement of an ablation plasma in the pulsed laser deposition method and effective investigation for using
Bayesian optimization

35rd international Symposium on Superconductivity 2022

2022
VLS-YBCO
2023 70
2023
Y
2023 70

2023




BaHf03 YBa2Cu30y

101 2021

2021

Vapor-Liquid-Solid YBa2Cu30y

82

2021

BaHf03 YBa2Cu30y

82

2021

BaHf03 REBa2Cu30y

102 2021

2021




Tomohiro Ito, Toranosuke Miwa, Yuji Tsuchiya, Yutaka Yoshida, Yusuke Ichino, Ataru Ichinose

"Critical Current in the magnetic field of YBa2Cu30y Coated Conductors with ultra-thick films fabricated by Vapor-Liquid-
Solid growth technique"

Coated Conductors for Applications Workshop 2021, on line

2021

Akihito Mizuno, Yuji Tsuchiya, Satoshi Awaji, Yutaka Yoshida

Rectification at Various Temperatures in YBa2Cu30y Coated Conductors With PrBa2Cu30y Buffer Layers]

MT27, 27th International Conference on Magnet Technology

2021

Toranosuke Miwa, Daiki Ehara, Tomohiro Ito, Yuji Tsuchiya, Yutaka Yoshida Yusuke Ichino, Ataru Ichinose

Critical current in the magnetic field of BaHf03-doped YBa2Cu30y coated conductors with ultra-thick films fabricated by
Vapor-Liquid-Solid growth technique

34rd international Symposium on Superconductivity 2021

2021

Daiki Yamamura,Tomohiro Ito ,Yuji Tsuchiya, Yusuke Ichino, Ataru Ichinose, Yutaka Yoshida

Isotropic flux pinning properties by fireworks structure of BaHfO3 nanorods in YBa2Cu30y coated conductors fabricated by
pulsed laser deposition with substrate self-heating technique

34rd international Symposium on Superconductivity 2021,

2021




(Yoshida Yutaka)

(20314049)

(13901)




